Using monthly, non-overlapping data, the study reveals that implied volatility is superior to those variables in forecasting future realized volatility. The paper also demonstrates that a simple signal extraction model could have produced useful warning signals prior to periods of extreme volatility.
Introduction
The Asian financial crisis rocked the Hong Kong markets on October 23, 1997. The Hang Seng Index futures plummeted 1,300 points in an hour from 11,300 at the open. Measured by the annualized standard deviation of the minute-by-minute index futures returns, volatility on that day was 148% . In contrast, the volatility figure had not exceeded 25% prior to the outbreak of the crisis.
A number of studies have tested potential early warning systems following the outbreak of the Asian financial crisis. These systems focus on macroeconomic variables from the banking and real economic sectors. 1 The current paper, in contrast, analyzes prices, volume and open interest of index options and futures at the time of the crisis to examine whether certain abnormalities or "signals" could have been observed from these market variables.
Compared to cash market positions index options and futures are highly leveraged speculative instruments. They allow traders who possess superior market-wide information to magnify their investment returns. Bullish traders who expect a market rise may go long index futures, buy call and/or short put index options. On the other hand, bearish speculators would short futures, buy put and/or short call.
Hence, volumes, open interest and prices of these instruments could impound information on the probability, potential magnitude and direction of impending market movements. This study especially focuses on the implied volatility of index options since this is widely regarded as an agglomeration of market opinions on future volatility. The results suggest that option implied volatility could be incorporated into an early warning system against impending large market movements or crisis events.
The paper contributes to the literature in a number of ways. Past studies have examined the efficiency of estimates based on implied volatility relative to realized volatility in predicting future volatility. This of implied volatility in an early warning system designed to provide information on potential financial crisis.
Background of research
Index options and futures are highly leveraged speculative instruments. Bullish traders expecting a rise in the market can go long futures, buy call, and/or short put. Bearish traders who expect the opposite would short futures, short call and/or buy put. However, options have finite lives and their values are subject to time decay. Successful option players have to be right both about market direction and volatility forecasts for a specific time horizon (by the time period preceding the option's expiration date). 2 Traders increase their exposure and pay higher prices only if they expect the returns to be large and imminent. Therefore, trading volumes and the prices of options contracts may impound the probability, potential magnitude, direction, and most importantly, the timing of prospective market movements.
In their seminal paper, Black and Scholes (1973) show that the price of an option is determined by (1) value of the underlying asset, (2) payouts or leakage from the asset, (3) time-to-maturity of the contract, (4) risk-free interest rate, (5) exercise price of the option, and (6) expected future volatility of the asset.
Given the first five factors, implied volatility is monotonic over option price and it is common for option traders to quote option prices in units of (implied) volatility. Implied volatility summarizes the supply and demand condition in the options market and can be interpreted as an agglomeration of the market's anticipation of future volatility between the initiation and expiration day of the contract. It is a natural choice for forecasting future volatility. Rapport and White (1994) postulate that the brokers' loan in the 1920s was actually a call option contract.
Based on this insight, they find that the implied volatility inferred from the brokers' loans rose sharply in early 1929 well in advance of the October 1929 crash. They also find that implied volatility continued to build up until the crash occurred. Schwert (1990) and Bates (1991) show that the volatility implied by the S&P 500 index options signaled the 1987 crash. Moreover, prior to the crash, the implied volatility of the out-of-the-money put was significantly higher than that of the out-of-the-money call although the phenomena subsided in the two months leading to the crash. These results are consistent with the general finding of Fleming, Ostdiek, and Whaley (1995) and Christensen and Prabhala (1998) that implied volatility can predict future "realized" market volatility. Canina and Figlewski (1993) find that the implied volatility from the S&P 100 index options (OEX) provides a poor forecast of volatility. However, a number of recent studies show that implied volatility outperforms past volatility and provides an efficient forecast of future volatility. Examples of these studies include Jorion (1995) on foreign currency options, Christensen and Prabhala (1998) on OEX options, Poteshman (2000) on S&P 500 index options, and Corrado and Miller (2003) on CBOE VIX and VXN volatility index. This paper extends these studies and explores whether implied volatility encompasses other volatility indicators in forecasting future volatility.
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Futures can be rolled over indefinitely. The strategy, however, is subject to the basis risk between the expiring spot and deferred month contracts.
To avoid arbitrage, the futures price must be close to its "fair" or arbitrage-free value that depends largely on the value of the underlying asset. The cost-of-carry condition of Modest and Sundaresan (1983) and Cornell and French (1983) provide a formula to calculate the fair futures price. If the futures price is above (below) its fair value there is an index arbitrage opportunity; an arbitrageur may buy (short or sell) the underlying asset and short (buy) the futures.
However, there are significant transactions costs associated with index arbitrage operation. Draper (1999, 2003) show that, for the Hong Kong market, arbitrage opportunities have rarely exceeded transaction costs and rapidly disappear if they are spotted. study on the relationship between order imbalance and index futures price shows that arbitrage opportunities are associated with excessive buying or selling in the cash stock market, and the arbitrage opportunity is a price for liquidity borne by speculators. It is possible that large and persistent index arbitrage opportunities reveal information on the size and direction of expected future market movements. Admati and Pfleiderer (1988) demonstrate theoretically that the significance of a piece of information imbedded in a trade is positively related to the size of the transaction. Hence, volume can be used as a measure of the size of information flow. Empirical evidence has shown that trading volume is significantly related to price changes. This is consistent with the empirical evidence in general, in Karpoff (1987) , indicating that there is a positive relationship between volume and absolute value of returns (a proxy for volatility) in both stock and futures markets. Cornell (1981) finds that the positive relationship between changes in volatility and commodities futures volume is contemporaneous although Chan and Chung (1993) examine the Major Market index futures and find that increases in arbitrage spread are followed by rises in cash and futures volatility 3 as well as cash trading volume. Possibly due to restrictions against short-selling, they find that the relationship is weaker when the futures are under-priced. Bessembinder and Seguin (1992) decompose futures volume into expected and unexpected components and find that stock price volatility is positively related to the volume shock (i.e., unexpected volume) but is negatively related to expected volume.
A number of studies have examined the behavior of the options and futures prices surrounding the 1997 Hong Kong financial crisis period. Draper and Fung (2003) show that despite record volatility the prices of index futures were mostly in line with the no-arbitrage bounds during the pre-intervention period.
However, pricing efficiency was breached when and after the government intervened in both stock and futures markets. 4 Cheng, Fung and Chan's (2000) study on the relative pricing efficiency between index options and futures during the crisis period shows that prices of the derivatives remained closely aligned during the stressful market period.
A number of papers have tested different early warning systems following the outbreak of the Asian financial crisis -for example, Kaminsky (1999) , Berg and Pattillo (1999) , and Goldfajn and Valdes (1998) .
These studies have mainly focused on potential early warning signals that are derived from 3 Their results also show that an increase in market volatility does not lead to higher potential arbitrage profit. 4 The Hong Kong government also transacted in the options market. Goodhart and Dai (2003) provide a detailed account of the extent of government intervention and market statistics for the period surrounding the event.
macroeconomic variables such as changes in exports, exchange rates, foreign exchange reserve, and national products.
Data and methodology

Data
The study uses the implied volatility index provided by HKEx for the period March 5, 1993 to October 31, 2000. Since the inception of index options trading, the exchange has determined the daily settlement Index Services. Trading in index options and futures is concentrated on spot month contracts except on the expiration day. Hence, we limit the prediction horizon to be one month.
Sampling procedure
Regressions using daily data of implied and realized volatility typically produce serial correlation in the forecasting error. This occurs when the prediction horizons of consecutive implied volatilities and the periods for calculating realized volatilities overlap. Serial correlation in the errors introduces downward bias in the standard error of the ordinary least square estimates. Following Christensen and Prabhala (1998), we adopt the following sampling procedure (as shown in Exhibit 1 below) to produce nonoverlapping monthly sample data. On the option expiration day, (in month t-1), of the spot month contract, HKEx uses option contracts that expire at the end of the next month (i.e., month t) to calculate the volatility index. The volatility index reported on the last trading day of the spot month contract includes the expected market volatility until the next expiration day in month t. To match the forecast horizon of the implied volatility, the (future) realized volatility AV t is measured by the standard deviation of the daily close-to-close index returns observed between the two consecutive expiration days for month t-1 and month t. The procedure is repeated for the next expiration day (i.e., for month t), and so on.
Exhibit 1
Expiration day (for month t-1)
Last trading day (month t-1)
Expiration day (for month t )
Realized volatility is represented by the annualized standard deviation of the continuously compounded, daily, close-to-close index return. Let AV t be the realized or actual volatility for month t.
( 1) where AV t is the annualized standard derivation of the continuously compounded daily index return for month t.
is the number of trading days in month t N is the number of trading days for the year is the continuously compounded daily index return on day i in month t =In -In is the index price at market close on day i in month t.
Calculation of the arbitrage spread
To control for the measurement error of the cash index due to bid ask bounce and non-synchronous trading in underlying stocks, 5 the bid ask index prices used in Draper and Fung (2003) 
where is the mid-quote index -an average of bid and ask index prices; r is the riskless rate for the holding period between day t and T; t and T (as fractions of a year) denote the current and expiration day of the contract, respectively; W it is the market value weight for security i on day t; D ij is the per share cash dividend for stock i at time j; and r j is the overnight interest rate. The arbitrage spread at a particular time point is equal to F-F*/ F*. We examine the aggregate of the intraday basis for each monthly period defined between two consecutive expiration days.
Methodology
To test the predictive power and information content of implied volatility relative to other measures, IV t is compared to other variables in the following 'encompassing' multiple regression model.
Variables excluding the implied volatility are denoted by X it . OLS is adopted to estimate the model since non-overlapping sample data is used. If IV t encompasses all other variables in predicting future volatility, then are all equal to zero.
A signal extraction process
Consider the following model for the determination of implied volatility or option price where implied volatility is determined in the market according to a simple auto-regressive process with an adjustment for the latest error represented by AV t -IV t .
The deviation of IV t from its predicted value reflects information on future volatility that is not imbedded in the current information set. For simplicity, it is assumed here that the current information set can be largely described by two parameters -i.e., the currently observed market volatility and the previous implied volatility. 6 Controlling for the error in the model for the IV t process, the standardized error is the variable of potential interest here.
Focusing on positive deviations, a significant deviation from the norm (or the predicted value given the current market information) may indicate that option prices have incorporated information of a potential future volatility shock. Hence, a potential signal for an impending large market movement is when the standardized error exceeds a positive threshold number; that is 6 Note that these two parameters together explain over 78% of the variation in the current implied volatility. This supports the hypothesis that market participant price options according to the currently observed market volatility and a component that corrects for past pricing error. Please refer to the section on empirical findings.
Where (6) 4. Empirical findings Christensen and Prahala (1998) . The coefficient estimates for IV t and AV t , in their one-month ahead forecast with non-overlapping sample, are 0.76 (R 2 =39%) and 0.57 (R 2 =32%), respectively although they use the natural logarithms of the variables. These findings are consistent with those of Chan, Chung, and Fong (2002) who find that net trading volume of CBOE stock options is only weakly related to the future return of the corresponding stocks but that revisions of options' price quotes are informative. and April 1998. Table 4 provides descriptive statistics of implied and realized volatility and the two measures of basis. We adopt the aggregate of the intraday basis for each monthly period defined between two consecutive expiration days as well as the absolute value of the aggregate. Figure 4 plots the two basis measures against the realized volatility. It is seen that the aggregate basis is mostly negative for the period. Table 5 summarizes the results of ordinary least square univariate and multivariate regressions of realized volatility (AV t ) on implied volatility (IV t ), absolute value of the basis and the basis. The regressions are run with a 24 non-overlapping monthly sample for the period. Regressions with either basis measure are significant with R 2 above 15%. However, implied volatility easily outperforms both measures in predicting volatility. Adjusted R 2 drops after including the basis measures in the implied volatility regression.
The model for the determination of implied volatility has high explanatory power. Table 6 summarizes the estimation results. The error correction coefficient is positive as expected, and significant. R 2 for the regression is over 78%. To produce an out-of-sample forecast of , we use rolling regressions with the 24 non-overlapping month data. The prediction error is standardized using the root mean squared error of the respective regression.
To test whether the variable is a potential signaling device, we define an event as occurring when the (annualized) realized volatility exceeds 40%, and a signal if the standardized error exceeds unity. 7 Table   7 summarizes the correspondence between the event and the signal. Ten signals arise from the 68 outof-sample forecasts. A total of 11 months occur with volatility in excess of 40%. The date denotes the date when the signal occurs. It is also the date for the reported implied volatility index. AV t is the realized volatility of the following month. Following Kaminsky (1999) , Table 8 event. D shows the number of times the framework correctly refrains from issuing a bad signal. Out of 57 non-events, the system has correctly avoided making a signal in 54 of these cases.
Conclusion
This study provides a test of the efficiency of implied volatility in forecasting future volatility at the time of the 1997 Hong Kong financial crisis period. Using monthly non-overlapping data, the paper shows Basis is equal to the aggregate of the intraday basis for a monthly period between two consecutive expiration day. |Basis| is the magnitude of the arbitrage basis (|Basis|) An event is defined if the realized volatility in that particular month exceeds 40% (p.a.). A signal is defined as when the actual implied volatility deviates from the predicted value by over 1 standard deviation of errors. A signal is counted as a good signal (A) only if the volatility realized in the subsequent month exceeds 40%. A signal is a bad signal or "noise" (B) if the realized volatility in the month following the signal does not exceed 40%. C denotes the number of times the framework fails to produce a signal before an event. D shows the number of times the framework correctly refrains from issuing a bad signal. 
